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CONVECTIVE HEAT-TRANSFER TEST RESULTS
FOR A GAP, CYLINDRICAL-PROTUBERANCE, AND
SHOCK-IMPINGEMENT FLAF-PLATE MODEL
(15-0 INSERT VIII) IN THE NASA-AMES
3.5-FO0OT HYPERSONIC WIND TUNNEL (IH27)

by
T. F. Foster and W. H. Dye
Rockwell International Space Division

ABSTRACT

ThisAreport presents convective heat-transfer data from a test
program (IH27) conducted with a Rockwell flat-plate, thin-skin thermo-
couple model (No. 15-0 with insert VIII) in the NASA-Ames 3.5-Foot
Hypersonic Wind Tunnel. This was a paranetric study to determine the
effects of surface protuberances and shock impingement on the surface
heating and the heating in simulated thermal protection system (TPS)
tile gaps of the Space Shuttle Orbiter. The model was a flat-plate
with gaps, various cylindrical protuberances, and an oblique-shock
generator to simulate strut-attachment and shock-impingement effects
on surface and gap heating for the Orbiter when mated to the External
tank. Data were obtained at Mach 5.2 for laminar and turbulent
boundary-Tayer flows.

Mr. W. K. Lockman, Ames Research Center, is acknowledged for his
technical assistance applicable to data reduction and to the preparation

of this report.
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CHAN CHAN

HAW
aw
Ht HT
H

W
H HW

Wi
h H
h/hFP H/HFP
hS HS
h/h H/HS
hy
L Length
LE

NOMENCLATURE

Definition

thickness of model skin, in
specific heat of model skin material, BTU/1bm

constants in curve fit for C over model wall
temperature range

specific heat of air stream (perfect gas value)
BTU/1bm

cylinder diameter, in

distance from gap centerline to leading edge of
wedge shock generator, in ‘

recording-system channel

adiabatic wall enthalpy, BTU/1bm
free-stream total enthalpy, BTU/1bm
instantaneous local wall enthalpy, BTU/1bm

enthalpy based on model wall temperature for
given T/C location at initial time, BTU/1bm

heat-transfer coefficient at model wall for
given T/C location, 1bm/ft2-sec

ratio of heat transfer coefficient data to
theoretical flat plate data

stagnation-point heat-transfer coefficient for
reference sphere, 1bm/ft?-sec

ratio of model heat-transfer coefficient to heat-
transfer coefficient of reference sphere for
Haw/Ht = 0.873 (laminar) or 0.907 (turbulent)

vertical distance from flat plate surface to
wedge trailing edge, in

model reference length, in
leading edge




Plot Mnemonic
Symbol Symbol
M. MACH
Pt PT
P
Py
Py
q
4 q
q Qs
R
RS RS
Re /ft RE/FT
ReQ,L REL
St ST
T
Tt 1T
T

W
T TW

W

NOMENCLATURE (Continued)

Definition

free-stream Mach number
free-stream total oressure, psia

free-stream static pressure, psia

flat plate surface pressure, psia
wedge lower surface pressure, psia

heat-transfer rate, BTU/ftZ-sec

heat-transfer rate at model wall for given T/C lo-
cation at initial time, BTU/ft2-sec

stagnation-point heat-transfer_rate for reference
sphere at initial time, BTU/ft¢-sec

radius, inches

reference sphere radius at model scale equivalent
to 0.305 m (1 ft) for full-scale vehicle

free-stream unit Reynolds number, ft']

free-stream Reynolds number based on model reference
length, length, L

Stanton number based on free-stream flow conditions
and the model heat-transfer coefficient for H /H
0.873 (laminar) or 0.907 (turbulent)

temperature, °R

free-stream total temperature, °R
model wall temperature, °R

model wall temperature for given T/C location at
initial time, °R
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Plot Mnemonic
Symbol Symbol

NOMENCLATURE (Continued)

Definition

T/C T/C
TE
t
t; TIME

XI XI
YI YI

l1

thermocouple
trailing edge
time, sec.

initial time (before model insertion into flow)
extrapolated from f(Tw) vs time, sec

thermal protection system

velocity, ft/sec

density of model skin material

gap width, in.

distance downstream from flat plate, in.

spanwise distance from flat plate centerline, in.
vertical distance from flat plate surface, in.

axial distance measured from gap centerline inter-
section, in. -

spanwise distance from gap centerline intersection,
in

vertical distance from flat plate surface, in.
(Z, = 1)
I-

wedge angle of attack, deg

wedge sideslip angle, deg

wedge flow deflection angle, deg
shock angle, deg

viscosity of air, 1b-sec/ft2

density of air, 1bm/ft3 or s]ug/ft3




NOMENCLATURE (Concluded)

Plot Mnemonic
Symbol Symbo1l Definition
s PHI turntable rotation angle, deg
Subscripts
aw adiabatic wall
i initial value before model insertion into tunnel
flow
PG perfect gas (calorically and thermally perfect gas)
S reference sphere
t free-stream total condition
W wall
® free-stream
1 conditions upstream of shock
2 conditions downstream of shock



INTRODUCTION

The thermal environment of the Space Shuttle Orbiter TPS tiles during -
ascent must be modeled to support their design. These tiles are in a
complex flow field influenced by Orbiter/tank attach struts and oblique
shocks generated by the Orbiter and solid-rocket boosters. The gaps be-
tween TPS tiles are an especially critical heating region.

This aercheating environment was experimentally investigated during
test IH27 in the NASA-Ames 3.5-foot Hypersonic Wind Tunnel. The TPS tiles
were simulated by a flat-plate, thin-skin model with gaps on its surface
instrumented with thermocouples. Cylindrical protuberances and an oblique-
shock generator were tested with the model to simulate strut-attachment
and shock-impingement effects on surface and gap heating with laminar and
turbulent boundary-layer flows.

Model gap configurations investigated were as follows:

1) Single transverse gap (perpendicuiar to freestream flow)
2) Single longitudinal gap (parallel to freestream flow)
3) Single gap inclined 45° to freestream flow

4) Orthogonal intersecting gaps parallel and perpendicular to
freestream flow

5) Orthogonal intersecting gaps inclined 45° to the flow
The gaps were tested alone, with E cylindrical protuberance immedi-
ately downstream of their intersection point,or with an oblique shock wave
impinging the model at various locations. A wedge was used to generate
the oblique shock, with the shock location controlled by vertical and/or *

horizontal translation of the wedge.



CONFIGURATICNS INVESTIGATED

The 15-0 VIII model is a flat-plate, thin-skin thermocouple model simu-
lating full-scale TPS gaps in the vicinity of tank-to-Orbiter structure
"attachments. The model consists of the 15-0 flat plate carrier used in
previous tests, three 6-x 24-inch instrumented modules of model 15-0 in-
sert III, a three-piece ci+cu1ar turntable section with two orthogonal
intersecting gaps, various size circular cylindrical protuberances, and a
wedge shock generator (figures 1 and 3). Model nomenclature is summarized
in Table I . Three 6-inch modules of the 15-0 insert VIII were located in
front of the turntable insert from model station 12 thru 30 to provide sur-
face centerline instrumentation. The first 6-inch module was not instru-
mented. A1l instrumented areas of the model were constructed of 17-4 PH
stainless steel.

The turntable section was an eleven-inch radius, three-piece circular
section which was rotated counterclockwise to 0° and 45° to provide the
gap configurations as shown in figure 1b. Gaps were filled with stainless
steel shims and dental plaster to provide configurations with closed gaps.
Gap widths of 0.050 inch and 0.100 inch were provided by sliding the three
pieces of the turntable outward. The gap depth was constant at 1.25 inches.
The corner radiiwere 0.060 inch except for one 4.5 inch (from y = -3.0 to
y = =7.5) long section with 0.120 inch radius. The turntable section was
interchanged with 6-x 24-inch modules to provide turntable center locations
at model stations 24 and 42 for both laminar and turbulent testing.

Various circular cross-section cylinders were located near the gap



CONFIGURATIONS INVESTIGATED (Concluded)

intersection of the turntable test area to simulate several Orbiter strut
attachment configurations as shown in figures la, 1b, and lc. The circular
cylinders used for this test were as follows:

1-in. diameter right cylinder - 8-in. high

2-in. diameter right cylinder - 8-in. high

4-in, diameter right cylinder - 8-in. high

2-in. diameter cylinder inclined into flow - 8-in. high
To reduce heat-sink effects, each cylinder had an insulation pad the same
diameter as the cylinder between the cylinder base and the flat-plate sur-
face. The two-inch right circular cylinder also had an insulation pad one
inch in diameter and 0.25 inch thick. See figure 1c for protuberance de-
finition. -

The oblique-shock generator was a 15° wedge, fully spanning the flat
plate, with pitch capability to provide flow turning angles of & = 5° and
10° (see figure 1d and le). The leading-edge radius was 0.005 in. and the
trailing edge was adjustable to 0.5, 1.0, 1.5, and 2.0 in. above the model
surface. The wedge had a yaw capability of 0° and 3° about the modetl
centerline, but it was only set to 0° for this test. For each combination
of wedge « and vertical displacement, the shock impingement point was
adjustable by fore and aft movement of approximately eight inches from
the turntable center. Wedge leading-edge position (d) for shock impinge-
ment at the gap centerline for inviscid flow was computed using :

6 sin § + h2

d = tan o . The wedge and support apparatus were located for

testing with gap intersection at model stations 24 and 42.
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INSTRUMENTATION

The thin-skin model was instrumented with 330 chromel-constantan
thermocouples (0.005 in wire diameter) spot welded to the model inner sur-
face at the locations giveh in figure 2 and Table IV. The nominal skin
thickness was 0.015 in.for all instrumented areas except for the region
near the gap intersection where the thickness was 0.025 in., to reduce gap
wall deflections under high pressure loading caused by the protuberances.
The 330 thermocouples were connected tc 66 plugs with 5 thermocouples per
plug. These plugs were stowed inside an aft extension compartment of the
model. Plugs attached to chromel-constantan extension leads from the data
acquisition system, through a thermocouple reference-temperature box, were
also stowed in this compartment. Thus, all thermocouple changes were made
by plug changes at the model.

Two static pressure taps were located on the model to verify the
shock strength for the two wedge angles. One tap (P]) was located on the
flat plate surface of section 1. Another tap (PZ) was located on the
wedge bottom surface. The P2 tap was positioned such that it was not'in
the region of the reflected shock impingement point on the wedge. When
the turntable was rotated for gap configurations C & F, the P1 pressure
tap rotated to a region which may have been influenced by the disturbed

~ boundary layer region in front of the shock.
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TEST FACILITY DESCRIPTION

The NASA-Ames 3.5-Foot Hypersonic Wind Tunnel is a closed-circuit,
blowdown-type tunnel capable of operating at nominal Mach numbers of 5, 7,
and 10 at pressures to 1800 psia and temperatures to 3400°R for run times
to four minutes. The major components of the facility include a gas stor-
age system where the test gas is stored at 3000 psi, a storage heater
filled with aluminum-oxide pebbles capable of heating the test gas to
3400°R, axisymmetric contoured nozzles with exit diameters of 42 inches
for generating the desired Mach number, and a 900,000 ft3 vacuum storage
system which operates to pressdres of 0.3 psia. The test section itself
is an open-jet type enclosed within a chamber approximately 12 feet in
diameter and 40 feet in length, arranged transversally to the flow
direction.

A model support system is provided that can pitch models through an
angle-of-attack range of -20 to +20 degrees, in a vertical plane, about
a fixed point of rotation on the tunnel centerline. This rotation point
is adjustable from 1 to 5 feet from the nozzle exit plane. The model |
normally is out of the test stream (strut centerline 37 inches from tunnel
centerline) until the tunnel test conditions are established, after which
it is inserted. Insertion time is adjustable to as little as 1/2 second
and models may be inserted at any strut angle.

A high-speed, analog-to-digital data acquistion system is used to re-
cord test data on magnetic tape. The present system is equipped to mea-
sure and record the outputs from 80 transducers in addition to 20 channels

of tunnel parameters.
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TEST PROCEDJRES

The model was mounted at 0° angle of attack on a base sting to the
tunnel quick-insert support mechanism. This mechanism injected the model
into the air stream when steady-state test conditions were established
and retracted the model at the completion of data acquisition. The model
injection time, time on tunnel centerline, and retraction time were each
set at about 1 second to give a total test duration of ‘about 3 seconds.
The nominal test conditions are given in Table II.

Dental plaster was used to fill in the ring spacer around the turn-
table circumference when the gap width was changed. The three turntable
sections slid outward to increase the gap width. The forward transverse
gaps of the 6" x 24" modules of insert VIII were filled with plaster for
the entire test. Plaster and aluminum tape were used to seal the bottom-
surface bolt holes from pressure leakage to or from the model interior.
0-rings were used in all instrumented gaps to seal the sliding joint of
the gap wall and floor.

The model wall temperature and pressure data along with the tunnel
conditions were recorded on magnetic tape at 0.07-second intervals during
the test duration of about 3 seconds. The heat-transfer data were re-
duced using the techniques given in the Data Reduction section of this
report. The combination of 330 model tkermocouples, a 75-thermocouple
input limit to the data acquisition system per run, and the number of
different model configurations necessitated 18 different thermocouple

plug hookup schedules for this test as given in Table V.
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TEST PROCEDURES (Concluded)

Shadowgraph photographs were taken for each cylinder or oblique-shock
generator run. The oblique-shock run shadowgraphs were analyzed on site
to determine shock impingement location. Any deviation in the actual im-
pingement location from the calculated inviscid location was alleviated
by fore and aft positioning of the wedge leading edge. Some runs were
also made to determine the surface 0il-flow patterns around the cylinder
protuberances with and without open gap configurations (see figures 3i

and 3j).
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L DATA REDUCTION
All test data were reduced at the NASA/Ames Research Center using the
data-reduction techniques outlined below. The thermocouple data were
reduced using the one-dimensional, thin-wall equation:

dT H

. W - _aw _ W
q = WCb TS h (Haw - Hw) = th (H ) (1)

which neglects heat-conduction losses.

Assuming that W and h are constant and

- 2 g,
c Co+ Cl Tw + C2 Tw for Tw ranges (2)

the integration of equation (1) for ¢t = t, to ¢t and T =T,

i
to '1"“7 yields the linear equation:
T' =T C C T' T +T
£ (Tw) - - i T?w - Tv - 1 + c'2 av v wi (Tw Twi)
aw wi aw aw 2
he .
- ﬁﬁg p (&=t (3
aw
where it is defined that:
H H
v ' Taw _ aw t
aw = c " H c —-(Taw)PG (4)
p t p
' = ' v 2
n Cl, SC +C T, +6C T., (5)

¢ specific heat at adiabatic wall temperature



The form of Eq (3) is f(Tw) = mt + & where m 1is the slope and & 1is
the intercept for a straight line if heat-conduction errors are negligible.
Thus, deviations from a straight line can indicate heat-conduction effects.

The slope, m, of f(Tw) ve t from Eq (3) is computed by a least-squares,
straight-line fit over a finite time 1nterva; (approx 1 sec) beginning when
the model reaches uniform tunnel flow, The value of the heat-transfer
coefficient, h, is then determined from:

wC' b
aw

h = m (6)

c
P

Using this value of h, the heat-transfer rate is evaluated at the initial

time, ti’ when the model is isothermal at the initial wall enthalpy,

a 3. = h (H -H ) = hH E_a_w_iw_i_ (N
9 =9y aw v, T e Ht H,

where Haw/Ht {s the same value used to evaluate h. The resultant value
of § 1s independent of the value of Haw/H: used for both the h and q
evaluations.

The reference sphere heating is also evaluated at the inital wall

enthalpy by the method of Fay and Riddell (ref. 2):

H
w

i
.= - E ‘-—- 8
4 ha(Ht H, ) tht(lo ) (8)
i t
The model-to-sphere ratio of heat-transfer coefficients is then

determined from Eqs. (7) and (8) as

. [ H /H
_}l_=__:l; 1.0 - wi t 1 (9)
M éa Hav7ﬂt - Hwilﬁc_j :
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where §, is constant for all values of H__/H .
i aw ¢
To determine h/ha for various wvalues of Haw/Ht’ the particular value of

Haw/gc is substituted into Eq. (9).

The Stanton number is defined as
q
h i
SCE — 2R (10)
pu ()u(l'law - H"i)

where for free-stream conditions, pu = p_ V‘=° .

The calculations of the model heating, reference sphere heating, and
Reynolds number included the corrections of NACA report 1135 (ref.3) for
calorically imperfect, thermally perfect air. Keyes' equation for viscosity
(see ref. L) was also used for the sphere heating and Reynolds number
computationa:

-6 TO.S

0.0232 x 10 :
0—9/T (11)

220
1+ T X 1

where the units for T and u are °R and lb-sec/ftz, respectively.

17



Final reduced heat-transfer coefficient data were referenced to
theoretical flat-plate data. Values of h/hS from laminar test data (gap
at X = 24 in) were ratioed to the value of h/hS predicted by Eckert
Laminar Theory (ref. 5) for a corresponding X (distance from leading
edge). Values of h/hs'from turbulent test data (gap at X = 42 in) were
ratioed to the value of h/hs predicted by Spalding-Chi Turbulent Theory
(ref. 6) for a corresponding X. Resulting coefficients were labeled
H/HFP. Tables VI and VII provide theoretical reference data used in
this computation for ¢ = 00 and ¢ = 459, respectively. Turbulent refer-
ence data from Tables VI and VII were multiplied by the factor given in

Table VIII to account for difference in freestream flow between runs.
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JEMARKS

The various gap configurations were generated by filling one or more
of the intersecting gaps with stainless steel filler plates and dental
plaster. In addition, all gaps and joints between mating surfaces were
filled with dental plaster. The piaster surface deflections were < .001
inch and should not have affected transition. As can be seen from plots
of h vs X, however, a local discontinuity in heating does occur at the
filled transverse gap station for the flat plate control runs. At this
station the T/C instrumentation was approximately 0.1 to 0.2 in. from the
plaster; this could have affected the measurements.

The wedge oblique-shock generator was designed to be tested at four
vertical displacement locations (hz). It was initially planned to test
with h2 = 0.5 inch to keep the wedge as close to the flat-plate surface
as possible without choking the flow. This would permit maximum separa-
tion between the impingements of the wedge oblique shock and the wedge
trailing edge expansion fan with the flat plate surface. The shadowgraph
from the first run using a wedge demonstrated that flow aft of the shock
between the wedge and the plate was irregular. The shock wave was curved
forward and the impingement point could not be detected. To avoid this
problem, remaining test data were obtained with h2 = 1.5, Since the
theoretical shock impingement point was computed for inviscid flow, the
actual impingement point was adjusted(by fore and aft displacement of
the wedge leading edge) to bracket the peak heating region aft of the

shock about the theoretical impingement point. This was done for gap



REMARKS (Concluded)

configuration B during runs 31-35, 49, and 60.

One current design consideration for the heating in the TPS gaps is
to fill them with a loose fiber material called "monkey fur." Runs 61 and
62 were conceived during the test period to simulate this configuration.
For these additional data points, fiberglass insulation was loosly packed
into the gaps of configuration B to qualitatively determine the reduction

in gap heating with a gap filler.



REFERENCES

Foster, T. F.; "Pretest Report for Aerodynamic Heating Tests Space
Shuttle Flat Plate Protuberance and Shock Impingement Model in the
Ames Research Center 3.5 Ft. Hypersonic Wind Tunnel Model 15-0
(insert VIII), Test I[H27," May 9, 1974, SD74-SH-0170.

Fay, J. A.; and Riddell, F. R.; "Theory of Stagnation Point Heat
Transfer in Dissociated Air." J. Aeron. Sci,; Vol. 25, No. 1,
February 1958, pp. 73-85.°

Ames Research Staff; "Equations, Tables, and Charts for Compressible
Flow," NACA 1135, 1953. ‘

Bertram, Mitchel H.; Comment on "Viscosity of Air," J. Spacecraft
Rockets, Vol. 4, No. 2, February 1967, pp. 287-288.

Eckert, E. R. G.; "Survey of B.L. Heat Transfer at High Velocities
and High Temperatures," WADC Tech. Report, pp 59-624, 1960.

Spalding, D. B. and Chi, S. W.; "The Drag of a Compressible Turbulent

B.L. on a Smooth Flat Plate with and without Heat Transfer,”
Journal of Fluid Mech., Vol. 18, Part 1, Page 117, January 1964.

21



auou pajlts deb ([ouaquod) uojeuausb yooys abpam + aje|d
4 q aouruaagniosd aaputihs + deb/m aje|d
k|
)
oGV p331ejou g
auou q 4A03e43uab Yooys abpam + deb/m ajeyid
E|
a
J
|
q 4o @ v soueaaqnioad 43putifd + deb/m aje|d
4
J
g
auou v deb/m a3e}d
q 40 © paLiLy deb (L043u0)) 2oueaaqnioad aapul Ao + ajed
auou pay|t} deb (uoL3eanb1juod [043U0D) ajeyd
(21 3unbLy 01 43ga4) (qL d4nhHL4 01 uaya4) uorydradsag

uoLjeandljuoy asput Ay uotrjeanbiriuoy dey

FINLYTINIWON NOILVYNITINOD 13A0W - "I 318V1

o4
leld

leld

el

ieid
jeld

Ield

g abpam/41
gdeb/, ¢/ 1 1A2/d4

4
)

Gvo9
g deb/abpam/d4
E|
g
J
g
y  deb/1A3/44
4
U .
4
v deb /44
g 142/44
9 dd

{oquiks

22



00SL
-.0061

(supyuey saaubap)
a4njeudadwaj |ejol

LbE oop X 62°¢l wo— X G°¢

86 mop X0°'¢ wo— Xx0°1

(youir °bs/spunod) X uo paseg (3004 Jad)
34NSS3Ud €30l *ON Sploukay °ON SpLoukay

SNOILIGNOD 1S3L TUNIWON - "I 378Vl

p2S 2y
22°5 7
(youy)

‘uoj3els

*ON YoeW L3pow

juangany

Jdeujuwe’

ejeq

23



. P Foacg e vemy ag htq.‘\ voyL ¢ 3 wouag r 3N/4 LHITY ! S 9oy —
Foby amy “dyy NUYL - o »rofung — [ &K _
[ . — $37NA3HOS
. ¢§ wo ©
AON (2) BYAQH . (i) ¥VYAQI SLN3D14430D .
Ju.dgg—ln]g-...._.q#.._......_..q.l......-_.44:q‘<....-...q.-......E |
9 S¢ L9 19 . SS 6% (3 (€ 1€ sz . 61 [ 1 L i
os | oSSty ST o[a 500 g ST |
bZ os |Ssipet] stlo 5 FT939 IR T %o ff
95 A S0 J )
7 s [ St TACT) *> 1K)
. KT osi| o' T ) [ 1]
¢ Tl 0l 509 > ar -
2 ¢h oz | 0] - [s0°0] ¢ 70 ~
2 79 of [s°€ arol D 80
e 238 o [5¢ al'qd g L0
2 $S 051| 5°¢ . 570 ¥ y 190"
27 . o [ S< Soo| 4 S0
1 ¢ [5°¢ | m@u 4
9 oz] s¢ sad 9 (BVI7R33) TIINSS|T 0
In al | ol sool g 20
] ol | S'€ So'dl g qﬁﬂ.ﬂ&wﬂa Ox¢d
—IllTJﬂ.lﬂ.ﬂ:M_ul_wﬂlkuw isv0o] DY Pl *H Slus M[dVilg]m] NOILVENS14NOD CEIPITOELT
x L] ‘ON SINTVA/SHIALINVYHYC ‘QHOS 13s viva
AlJ377% :aa AYVWANS NOILY 110D ¥38WNN NNA/L3S VLV — 4ZH T :isil

I11 37avl




(PSNUF3U0]) TTT T18VI

T — S3TNA3HOS
g HO0 ©
AQN (2) yvAQi (1) HvAQi SLN3DI413430D .
N L B I I I E I LS B IR AU LR A IS B ma s
9L S§¢ L9 i9 SS 6v EY LE IE 114 61 : 1) L }
b€ 06 |9 afels o] 4 » 3 |
ge og | o'/ A H I 8c
‘ hh 191] o A ] LC
. Zh Iclon wi.bko [ g 7c
m 3 le |5 B78 ECH IF°) aC
: g Tcls € TEVA BT IS} . e
3 L re s« Yelso| 2 & H/m <
" ks YLl |s & Y/ [sol a v T
¥ s 191 |5 ¢ 72 8 I KA
o Ibls ¢ A ECH e o7
921 18 |52 A ol
Ll 18 |s'g Ly/plae [ 9 g1
si|Hi gL /9 |c¢€ /z[oT | @ o 1
R IR IL|17 |s'e 72 B I dU3/TAD /A 191%e3Y
N Lss tow > . 2 -/ ™
N e e o TE W Nl I Wi o2 3 e e
~ As77Z ava AMVWNNS NOILY 10D ¥3EWAN NN¥/L3S V1va ZZ4Z  sLsal

25



]F ) $3ITNA3IHIS
g 4o ©
AGN {Z) HvAQl {1} HVYAQI SiN3IDIFI430D ‘
B AL AR AR AR AN
9 S¢L L9 i9 SsS (14 (34 (€ 1€ s ) 61 € L ]
T !
2 o [a'T A8 ¥ | V][5 YE! #
5S¢ ohl| o'l o5 2 n
57 ol Lsh'g RZ v 2h
[o7] 95 011] ool L f g If
IR EI R o1l | 0ol BTe[ s 7 a7
i $Z oh IHs'o Sa'0| 4 %3 «
3 59 O 2/ KR aa - 3F o
2 Fz oF 1% IEK7 VE , A3 |
[ 77972 Al B L BEL1NEE — %% o
rlZe| Is 0dl[ 5 ¢ [M2 T ST O 1,5 g 5] I TSt
[ ERAYE g . , ’73
5 or [0 5 73 ,
1Z 15 J 43 W
8l . /& |S5°F | 2 K3 |
FAK ¢ | 79]5¢ SFZISFO] ] 75 \:u\ﬁ@ -
[ZZ1 2212 2 F 2 ]sn IS Lsnoo | 99 | T | Z2H B EE N LS R T ET I |
X cnsmmannneny ‘ON SANIVA/SHILINVEYL *aHds . i3S vava
AN STva AMYANNS NOILY 1102 ¥38WNN NNY/L3S vLva — L Z2HZ 153l

(panui3uol) III 316Vl




T/C
No.

OOV OTH WM —

Note:

~

VIII-31

A4
VIII-36

VIIT-41

i
i

<

TABLE IV. - THERMOCOUPLE LOCATIONS

X
I
Turntable q_ Location
X = 24 X= 42 Al
-18.50 23.50 NA
-19.45 22.55
-20.95 21.05
-22.45 19.55
-23.40 18.60
-24.,50 17.50
-25.45 16.55
-26.95 15.05
-28.45 13.55
-29.40. 12.60 <
HA NA 0
| f 8.5
; ! 7.0
: i 6.0
i g 4.0
‘ ; 2.0
: 1.3
1.0
0.750
; 0.500
| 0.500
i 0.250
0.500
! 0.500
; 0.500
! 0.500
? 5 0.500
; ; 0.500
! 0.500
; 0.500
' 0.500
0.500
7.000
| 6.000
N M 5.000

A1l dimensions in inches

Y

——
U‘lO\NOLONO\-b(»N-—‘—‘OOO(

L

—_— O

o ¢—

z

I

.250
.500
.750 .
.000
.500 -
.000
.000 -

.000 -

.000 -
.000
.000
.000
.000 ¥

Comments

Existing T/C's of
Module III

~N
Surface Section 2

|

|
|
|
!
|
|
!

1



TAZLE IV. T/C LOCATICNS (Continued)
T/C Flug
Meo. No. X1 Y1 Z1 Comments
Lé VIII-Lé 4.0CC 4,000 o) Surface Secticn 2
L7 3.00C 3.0C0
48 2.C00 2.0C0
49 1.500 1.500
50 1.000 1.000
51 VIII-51 1.5C0 3.000
52 1.250
53 1.000
54 C.750 |
55 0.250 [ |
56 VIII-56 10.00C ~0,025 0.0176 Gap Secticns 1-2
57 0.125
58 I 0.250
5 C. 500
6C 1.C000
61 VIII-61 10.00C 0.CO0 1.250
62 +0.025 0.750
63 ' 0.250
&l 0.125
65 ' 0.0176
66 VIII-66 7.000 -0,025 0.0176
67 0.125
68 0.250
69 0.500
70 { 1.000
7 VIII-71 7.G00 0.C00 1.250
72 ~+0.025 C.750
73 : 0.250
"L 0.125
75 0.0176
76 VIII-76 4.000 -~0.,025 C.0176
0.125
0.250
0.520
T 1.000
VIII-8l1 0.000 1.250
+0,025 0.750
0.250
{ 0.125
[ 0.0176
VIII-86 2.000 -0.025 0.0176
0.125
0.250
C.500
i [ 1.000 [
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-

TASLE V. T/C LOCATIZNS (Continved)

T/C Plug

No, No. X1 I A Comments
91 VIII-91 2,0C0 0.0C0o 1.250 Gap Sections 1-2
g2 +0,025 0.750
93 0.250
St 0.125
g5 f 0.0176
9%  VIII-%6 1.000 -0.025 C.0176
87 0.125
98 0.250
99 0.500

100 f 1.C00

10  VIII-10L 1}000 0.025 0.750

102 0.250

103 0.125

104 0.0176

105 | . Open

106 VIII-106 0.25 -0.025 C.C176

107 2.C713

108 0.125

109 0.250

110 ‘ 0.375

121 vIII-l1n 0.5C0

112 C.625

113 0.875

11 { 1.000

115 Cpen - en.

116 VZII-116 0}25 0.025 0.750 .

117 0.250

118 0.125

1 0.0713

120 0.0176

122 VIII-121 9.000 -0,025 0,500

122 8.000

123 6.000

124 5.000

125 3.000

126  VIII-i2% 9.000 0.00C 1.250

127 8,000

128 - 6.000

125 , 5.000

1320 3.000

131 VIII-131 9.000 +0.025 0.750 i

122 8.000

133 6,000

134 5.000

135 \ 3.000 i
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TABLE IV. 7/C LOCATIONS (Centinued)

T/C Plug
Ye. Yo, X1 Y1 A Ccmuents
136 VIII-136 +0.025  10.000 .0176  Gap Sections 1, 2-3
137 0.125
138 0.250
139 0.5C0
140 ] 1 1.000
1,1 VIII-14l 0.000  10.000  1.250
142 -0.025 0.750
142 C.250
144, 0.125
145 ' * 0.0176
146 VIII-146 +0,025 7.000  0.0176
147 0.2.25
148 0.250
149 0.5C0
150 | 1.0C0
152 VIII-151 C.Cco0 1.250
152 ' -0.025 C.750
153 0.250
154 C.125
155 | 0.0176
156 VIII-156 +0.025  3.000 0.0176
157 0.125
138 0.250
159 0.500
160 v v 1.000
161 VITI-141 0.000 1.250
162 -0.025 1.000
163 . 0.275
164, C.750
165 .625
166  VIII-166 C.375
167 0.250
168 0.125
169 0.0713
170 [ [ 0.0176
171 VIII-171 +0.025 2.000  0.0176
172 0.125
173 0.250
17 0.5C0
175 { { 1.000
176 VIII-17¢ 0.000 2.000  1.250
177 -0.025 0.750
178 0.250
17 0.125
180 [ ( ( 0.0176 -
!
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TASLD V. T/C LCCATIONS (Continued)
T/C Plug
Ne. Mo. X1 Y1 Zt Commants
182 VIII-18l +0.025 1.500 00,0176 Gag Secticns 1, 2, -3
182 0.125
183 0.250
ER:IA 0.500
185 1.C00
186 VIII-186 0.0C0 1.250
187 -0.025 0.750
i88 0.25C
186G ( 0.125
190, 0.0176
191 VIII-191 +3.025 1.000 0.017%6
192 0.125
163 0.250
194 C.50C
195 1.000
166 VIII-196 0.000 1.250
1e7 -0.025 0.750
198 0.250
1¢ 0.125
200 r ' 0.0176
201 VIIT-201 +0.025 0.750 0.0176
2C2 0.125
2C3 0.25C
2CL 0.500
205 . - ( 1.000
2r4 VIII-206 0.C00 1.250
207 -C.025 0.750
208 0.250
209 0.125
210 0.0176
211 VIII=-211 +0.,025 0.500 0.0176
212 0.125
213 0.250
214 0.500
215 | 1,000
216 VIII-216 0.000 1.25C
217 ~0.025 0.750
218 0.250
219 0.125
220 1[ 0.0176
221 VIII->21 +0.025 0.250 0.0176
222 | 0.125
223 0.250
224 0.500
225 ’ 1.000 ‘




TARTE IV, T/C LOCATIONS (Continued)

T/ Plug

Mo, Yo. X7 Yr 21 Ccrmants
226 VIII-226 0,000 0.250 1.250  Gap Sections 1, 2, -3
227 ~0,025 1.000
228 c.875
229 , 0.750
230 - 0.625
231 VIII-231 .375
232 ' 0.250
233 : C.125
23L C.0713
225 ‘ [ | 0.0176
236  TIII-236 +0,025  -0.500  0.0176
237 0.125
238 0.250
236G 0.500
2L5 [ 1.000
201 VIII-241 0.000 1.250
242 -0.025 0.750
243 0.250
2L 0.125
245 r 0.0176
U5 TITI-246 +0.025  =1.500 0.0176
2L7 0.125
2.8 0.250
249 0.500
25C - : 1.000
252 VIII-25 0.0C0 1.250
252 -0.025 0.750
253 0.250
254 0.125
255 | 0.0176
256 VIII-256 0.000 ~2.500 1,250
257 -0,025  ~2.500 0.750
258 "'30500 .
259 , ~1,.. 500

260 ~6.000

261 VIII-261 $.000 0.500
262 8.000

263 6.000

264 5.000

265 ‘ [ 4.CCO

266 VIII-266 0.000 9.000 1.250
267 8.000

268 6.000

269 A 5.000

270 ’ f 4.,00C Y
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TARIZ IV. T/C ICCATIONS (Continued)
T/C Pilug
No. Ne. X1 Y1 A Comment.s
71 VIII-271 -0.025 9.C00 0.750 Gap Secticns 1, 2, =3 .
272 8.000
273 6.000
27 5.000
275 4.CO0
276 VIII-276 ~C.250 -1.5C0 0.900 Surface Secticn 3
277 -0.500
278 -0,750
279 ~1.000
28 ~1.500
281 VIII-281 -0.250 +1.500 0.00C
282 -0.5C0
283 -0.750
28l -1.000
285 ~1.500 (
£t VIII-286 -(.25C +3.000
287 -0.500
288 -0.750
289 ~1.C00 ‘
250 -1.500
291 VIII-291 -0.500 +7.0C0
292 -1.000
293 -1.500
294 -2.000
295 -3.000 \
296 ViII-29é -2.000 -1.500
297 <3.250 0,000
298 ~4.250
299 -5.250
300 ~£.250 ;
301 VIII-301 -2.000 +1.500
302 -2.000
3C3 -4.000
204 =2.00 +3.000
305 ~3.000 i
306 VIII-306 +1.250 -5.25 Surface Section 1, 3
307 +1.000
208 +3.750
309 , +2.500
316 +0.250
11 VIII=211 -0.250
312 =0.500
313 -0.750
314 -1.0CC
315 ] -1.250 ;
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TARTZ IV. T/ LOCATICYS (Concluded)

T/C Plug

Yo, Yo, X1 Yr Zr Cemments
216 VIII-216 +0.025 ~5.25 0.0.76 Gap Secticn 1, 3
317 0.125 (Edgze Radius = C.,12")
318 . 0.250

36 0.500

320 ! 1.000

221 VIII-321 0.000 1.250

322 -0.025 1.000

323 C.R75

324 .75

325 0.625

326 VIIT-326 C.375

327 C.250

328 0.125

329 C.0713

e} ~ N5

230 ] ! ' C.C278 Y

331 VIII-331 1.000 0.000 1.250 Gap Section 1, 2-3
332 0.250

333 0.000 ¢

334 -0,025 , 0.875

335 -0.025 0.750

336 VIII=33% -0,025 0.000 0.375

337 l 0.250

328 _ 0.125

339 l 0.0713

340 v v 0.0176 1
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10
11
12
13
14
15
16

17

30

Lo

50

60

70

80

100

110

120

130

140

150

160

170

r (e NN ATIDT T cem Tt AATTTD ST =
. - .LHQN‘LOKJOUPL;_ DLUG ZOCXUP SCHIDULZ

Model Plug No's

1I1-1, III-6, III-11, VIII-21, 26, 31, 36,
51, 276, 281, 286, 291, 296, 301, 306

VIII-21, 71, 101, 106, 111, 151, 191, 196,
221, 226, 231, 321, 326, 331, 336

VIII-i6, 146, 151, 201, 206, 221, 226, 231,
266, 271, 316, 321, 326, 331, 336

III-6, VIII-46, 141, 151, 171, 176, 201,
206, 221, 226, 231, 261, 266, 271, 281

I1I1-6, VIII-21, 26, 31, 36, 41, 46, 276,
281, 286, 291, 296, 301, 306, 311

I1I-6, VIII-21, 26, 31, 36, 4b, 61, 71,
91, 101, 106, 111, 126, 131, 14l

VIII-146, 151, 191, 196, 201, 2G6, 221,
226, 231, 261, 266, 271, 281, 331, 336

I1I-5, VIII-146, 151, 201, 206, 221, 226,
231, 246, 251, 271, 321, 326, 331, 336

III-6, VIII-136, 141, 1lué, 151, 171, 176,
201, 206, 221, 226, 231, 261, 266, 271

VIII-2l, 26, 51, 71, 101, 106, 111, 1lil,
146, 151, 156, 161, 166, 171, 176

VIII-181, 186, 191, 196, 221, 226, 231, 246,
251, 266, 271, 286, 296, 331, 336

I1I-6, VIII-46, 51, 71, 91, 96, 101, 106,
111, 116, 146, 151, 171, 176, 191

VIII-196, 211, 216, 236, 2L1, 2L6, 251,
281, 286, 301, 316, 321, 326, 331, 336

I1I-6, VIII-46, 151, 161, 166, 171, 176,
201, 206, 246, 251, 321, 326, 331, 336

III- 6, VIII-21, 26, 1k6, 151, 181, 186, 201,
206, 276, 281, 296, 316, 321, 326

III-6, VIII-21, 26, lué, 151, 181, 186, 201,
206, 221, 226, 231, 296, 331, 336

III- 6, VIII-21, 26, 56, 61, 76, 81, 96, 101,
106, 111, 116, 126, 131, 296

AW



Hookup Constant

TABLE V. - Concluded

Model Plugs
No. Set
18 ~ 180 111-6, VIII-71, 91, 101, 106, 111, 146
151, 191, 196, 221, 226, 237, 331, 336
Ncte:

Amplifier gains were changed to keep output from T/C'sin the vicin-
ity of the cylinder from exceeding data system limits during the
high Reynolds number runs. These runs are denoted by the digit

"1" in the units column of the constant set numbers.
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TABLE VI. - FLAT PLATE THEORETICAL REFERENCE DATA,
. ¢=O°

—
(e}

— —
OO0 et = = NWPAHRPUNONOODOOOODODODODODOOOO—~—NAONWO

.750
.250
.000
.000
10.
.000
.000
.000

000

h/hs

.10205
.09686
.09206
.08907
.08362
.07887
.07737
.07675
.07625
.07576
.07576
.07528
.07576
.07576
.07576
.07576
.07576
.07576
.07576
.07576
.07576
.07576
.09206
.08907
.08626
.08362
.08116
.07887
.07779
.07675
.07779
.07726
.07675
.07625
.07528
.10205
. 10205
.10205
.10205
.10205
.10205

Lam

37

h/hs

Turb

.39540
.39278
.39025
.38862
.30546
.38245
.38143
.38100
.38065
.38029
.38029
.37994
.38029
.38029
.38029
.38029
.38029
.38029
.38029
.38029
.38029
.38029
.39025
. 38862
.38702
.38546
.38393
.38245
.38172
.38100
.38172
.38136
.38100
.38065
.37994
.39540
.39540
.39540
.39540
.39540
.39540



TABLE VI. - Continued

L/C XI h/hSLam h/hsTurb
0.

62 10.000 . 10205 .39540
63 10.000 .10205 .39540
64 10.000 .10205 .39540
65 10.000 .10205 .39540
66 7.000 .09206 .39025.
67 7.000 .09206 .39025
68 7.000 .09206 .39025
69 7.000 .09206 .39025
70 7.000 .09206 .39025
71 7.000 .09206 .39025
72 7.000 .09206 .39025
73 7.000 .09206 .39025
74 7.000 09206 .39025
75 7.000 .09206 .39025
76 4.000 .08362 .38546
77 4.000 .08362 .38546
78 4,000 .08362 .38546
79 4.000 .08362 .38546
80 4,000 .08362 .38546
81 4,000 .08362 .38546
82 4.000 .08362 .38546
83 4.000 .08362 .38546
84 4.000 .08362 .38546
85 4.000 .08362 .38546
86 2.000 .07887 .38246
87 2.000 .07887 .38245
88 2.000 .07887 .38245
89 2.000 .07887 .38245
90 2.000 .07887 .38245
91 2.000 .07887 .38245
92 2.000 .07887 .38245
93 2.000 .07887 .38245
94 2.000 .07887 .38245
95 2.000 .07887 .38245
96 1.000 .07675 .38100
97 1.000 .07675 .38100
98 1.000 .07675 .38100
99 1.000 07675 .38100
100 1.000 .07675 .38100
101 1.000 .07675 .38100
102 1.000 .07675 .38100
103 1.000 .07675 .38100
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T/C
No.

104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120

122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

1.000
open

.250
.250
.250
.250
.250
.250
.250
.250
.250
pen

.250
.250
.250
.250
.250
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.025
.025
.025
.025
.025
.000
.025
0.025
.025
.025

1
COO0OOCOOOWUIOODVLWINTODWWINOVWOOODOODODOODODOODOOOO

[
OO

TABLE VI. - Continued

h/hsLam

.07675
.07528
.07528
.07528
.07528
.07528
.07528
.07528
.07528
.07528
.07528
.07528
.07528
.07528
.07528
.09855
.09521
.08907
.08626
.08116
.09855
.09521
.08907
.08626
.08116
.09855
.09521
.08907
.08626
.08116
.07485
.07485
.07485
.07485
.07485
.07481
.07476
.07476
.07476
.07476

39

h/hsTurb

.38100

.37994
.37994
.3799%4
.37994
.37994
.37994
.37994
.37994
.37994

.37994
.37994
.379%94
.37994
.37994
.39364
.39193
.38862
.38702
.38393
.39364
.39193
.38862
.38702
.38393
.39364
.39193

38862

.38702
.38393
.37963
.37963
.37963
.37963
.37963
.37960
.37956
.37956
.37956
.37956



T/C
No

146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

168
169
170
171
172
173

174

175
176
177
178
179
180
181
182
183
184
185
186
187
188

.025
.025
.025
.025
.025
.000
.023
.023
.025
.025
.025
.025
.025
.025
.025
.000
.025
.025
.025
.025
.025
.025
.025
.025

.025
.025
.025
.025
.025

.025
.025
.025
.025
.025
.025
.025
.025
.025
.000
.025
.025

TABLE VI. - Continued

"/hSLam

.07485%
.07485
.07485
.07485
.07485
.07481
.07476
.07476
.0747¢6
.07476
.07485
.07485
.07485
.07485
.07485
.07481
.07476
.07476
.07476
.07476
.07476
.07476
.07476
.07476
.07476
.07485
.07485
.07485
.07485
.07485
.07481
.07476
.07476
.07476
.07476
.07485
.07485
.07485
.07485
.07485
.07481
.07476
.07476

40

h/hsTurb

.37963
.37963
.37963
.37963
.37963
.37960
.37956
.37956
.37956
.37956
.37963
.37963
.37963
.37963
.37963
.37960
.37956
.37956
.37956
.37956
.37956
. 37956
.37956
.37956
.37956
.37963
.37963
.37963
.37963
.37963
.37960
. 37956
.37956
.37956
. 37956
.37963
.37963
.37963
.37963
.37963
. 37960
. 37956
.37956



T/C
No.

189
190
191
192
193
194
195
196
197
198
199
200
201
202
203

205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221

223
224
225

227
228
229
230
231

TABLE VI. - Continued’

h/hSLam

.07476
.07476
.07485
.07485
.07485
.07485
.07485
.0748]
.07476
.07476
.07476
.07476
.07485
.07485
.07485
07485
.07485
.07481
.07476
.07476
.07476
.07476
.07485
.07485
.07485
.07485
.07485
.07481
.07476
.07476
.07476
.07476
.07485
.07485
.07485
.07485
.07485
.07481
.07476
.07476
.07476
.07476

.07476

41

h/hSTur‘b

.37956

.37956
.37963
.37963
.37963
.37963
.37963
.37960
.37956
.37956
.37956

37956

.37963
.37963
.37963
.37963
.37963
.37956
.37956
.37956
.37956
.37956
.37963
.37963
.37963
.37963
.37963
.37960
.37956
.37956
.37956
.37956
.37963
.37963
.37963
.37963
.37963
.37960
.37956
.37956
.37956
.37956
37956



T/C
No..

232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266

268
269
270
271
272
273

.025
.025
.025
.025
.025
.025
. 025
.025
.025
.000
.025
.025
.025
. 025
.025
.025
.025
.025
.025
.000
.025
.025
.025
.025
.000
.025
.025°
.025
.025
.025
.025
.025
.025
.025
.000
.000
.000
.000
.000
.025
.025
.025

TABLE VI. - Continued

h/hsLam

.07476
.07476
.07476
.07476
.07485
.07485
.07485
.07485
.07485
.07481
.07476
.07476
.0747¢6
.07476
.07485
.07485
.07485
.07485
.07485
.07481
.07476
.07476
.07476
.07476
.07481
.07476
.07476
.07476
.07476
.07476
.07476
.07476
.07476
.07476
.07481
.07481
.07481
.07481
.07481
.07476
.07476
.07476
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AL NS

.37956
.37956
.37956
.37956
.37963
.37963
.37963
.37963
.37963
.37960
.37956
.37956
.37956
.37956
.37963
.37963
.37963
.37963
.37963
.37960
. 37956
.37956
.37956
.37956
.37960
.37956
.37956
.37956
.37956
.37956
.37956
.37956
.37956
.37956
.37960
.37960
.37960
.37960
.37960
.03756
.03756
.03756




T/C
No.

274
275
276
277
278
279

281
282
283
284
285
286

288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315

.025
.025
.050
.500
.750
.000
.500
.250
.500
.750
.000

.250
.500
.750
.000
.500
.500
.000
.500
.000
.000
.000
.250
.250
.250
.250
.000
.000

.000
.000
.250
.000
.750
.500
.250
.250
.500
.750
.000
.250

TABLE VI.

h/hSLam

.07476
.07476
.07435
.07390
.07346
.07303
.07303
.07435
.07390
.07346
.07303
.07221
.07435
.07390
. 07346
.07303
.07221
.07390
.07303
.07221
.07143
.07001
.07143
.06968
.06847
.06743
.06657
.07143
.07001
. 06876
.07143
.07001
.07726
.07675
.07625
.07576
.07528
.07435
.07390
.07346
.07303
.07262
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- Continued.

h/hSTurb

.03756
.03756
.37891
.37891
.37856
.37823
.37823
.37925
.37891
.37856
.37823
.37756
.37925
.37891
.39856
.37823
.37756
.37891
.37823
.37756
.37690
.37560
.37690
.37529
.37404
.37284
.37167
.37670
.37560
.37435
.37690
.37560
.33136
.35100
. 38065
.38029
.3799%4
.37925
.37891
.37856
.37823
.37789



TABLE VI. - Concluded.

;/C XI h/hsLam h/hsTurb
No._ _

316 +0.025 .07485 .37963
317 +0.025 .07485 .37963
318 +0.025 .07485 .37963
319 +0.025 .07485 .37963
320 +0.025 .07485 .37963
321 0.000 .07481 .37963
322 -0.025 .07476 .37956
323 -0.025 .07476 .37956
324 -0.025 .07476 .37956
325 -0.025 .07476 .37956
326 -0.025 07476 .37956
327 ~0.025 .07476 .37956
328 -0.025 .07476 .37956
329 -0.025 .07476 .37956
330 -0.025 .07476 .37956
331 1.000 .07675 .38100
332 0.250 .07528 .37994
333 0.000 .07481 .37960
334 -0.025 .07476 .37956
335 ~-0.025 .07476 .37956
336 -0.025 .07476 .37956
337 -0.025 .07476 .37956
338 -0.025 .07476 .37956
339 -0.025 .07476 .37956

340 -0.025 .07476 .37956
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TABLE VII.- FLAT PLATE THEGRETICAL REFERENCE DATA,

NNUNSNSNNSNMNO NN WW— NN REONNIOOO NI ERERWN S A OO -~ PHUOIN

.425
.364
.303
.596
.182
.768
.233
.061
.884
.707
.530
.530
.884
.061
.414
.768
.475
.182
.k96
.303
.718
.425
.900
.485
.071
.657
243
.828
.121
.414
.182
.005
.828
.652
.298
.053
.053
.053
.053
.053
.071

6 = 45°

NS ap

0.09340
0.09014
.08710
.08518
.08160
.07836
07731
.07688
.07652
07617
.07562
.07582
.07652
.07704
.07704
.07836
.07994
.08160
.08518
.08710
.09120
.09340
.10169
.09681
.09228
.08809
.08425
.08076
.07914
.07704
.08160
.08118
.08076
.08035
.07954
.09223
.09223
.09223
.09223
.09223
.09228

OO0 OO0 OOO0OOCOCOCODOOODOODOOOOOCOOOOOOCOOOOOOOOOO0O
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OO OO OOOOOO0OO0OOOOIODOODOOOCOOOOCOOOOOO0DO0OOOODOODCOOO

h/hs

Turb

.3947

.3919

.3894

.3878

. 3849

.3823

.3815

.33108
. 38084
.3805¢
.39034
. 38034
. 38084
.38121
.38121
.38230
.38315
.38490
. 38780
.38940
.38979
.39470
. 39523
.39276
.39038
. 38807
. 38584
. 38368
.38263
.38121
. 38490
. 38395
. 38368
.38342
. 38289
.39035
.39035
.39035
.39035
.39035
.39038



.089
.089
.089
.089
.032
.932
.932
.932
.932
.950
.967
.967
.967
.967
811
811
811
.811
.811
.828
.846
.846
.846
.846
.397
.397
.397
.397
.397
414
.432
.432
432
432
.689
.689
.689
.689
.689
.725
0.725

OOOOOO-—‘—-‘—‘—‘—-‘-—'—-‘-—‘—‘——‘l\)l’\)l\)l\)l’\)l\)l\)l’\)l\)l\)bb—&-bbhbb-h-b\l\.l\l\l

TABLE VII.

h/hsLam

.09223
.09234
.09234
.09234
.08608
.08608
.08608
.03608
.08608
.08613
.086177
.086177
.086177
.086177
.08072
.08072
.08072
.08072
.08072
.08076
.08080
.08080
.08080
.08080
.07758
.07758
.07758
.07758
.07758
.07704
.07765
.07765
.07765
.07765
.07613
.07613
.07613
.07613
.07613
.07620
0.07620

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
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- Continued.

h/hs

C)OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

Turb

.39038
.39041
.39041
.39041
.33691
. 38691
. 33691
. 336691
. 38691
. 33694
. 386651
. 38691
. 38681
. 38691
. 38365
. 38365
. 38365
.38365
. 38365
.38368
.38371
.38371
.38371
.38371
.38158
. 33158
. 38158
.38158
. 38158
.38121
.38163
.38163
.38163
.38163
. 38057
. 38057
. 38057
. 38057
. 38057
.38057
.38062



T/C
No.

102
103
104
105
106
107
108
109
110
m
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

142
143
144

SNNNNNNNNNPNNDWPRLPUUIONNDWPAROOANWRONONOOOOO0OO0OODOOO0OO0ODOCOO

053

TABLE VII. - Continued

h/hSLam

0.07620
0.07620
0.07620
OPEN
0.07511
0.0751
0.07511
0.075M1
0.075M
0.07511
0.07511
0.07511
0.07511
QPEN
0.07518
0.07518
0.07518
0.07518
0.07518
0.09009
0.08805
0.08421
0.08242
0.07910
0.09014
0.08809
0.08425
0.08246
0.07914
0.09100
0.08815
0.08430
0.08251
0.07910
0.09234
0.09234
0.09234
0.09234
0.09234
0.09228
0.09223
0.09223
0.09223
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h/hsTur‘b

0.38062
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TABLE VII. - Continued

. 1 /NS am "PSTars
145 7.053 0.09223 0.39035
146 4.967 0.08618 0.38607
147 4.967 0.08618 0.38657
148 4.967 0.08618 0.33697
149 4.967 0.08618 0.38697
150 4.967 0.08618 0.38697
15] 4.950 0.08613 0.38684
152 4.932 0.08608 0.3869]
153 4.932 0.08608 0.3869]
154 4.932 008608 0.38691
155 4.932 0.08608 0.3869]
156 2.139 0.07918 0.38266
157 2.139 0.07918 0.38266
153 2.139 0.07918 0.38266
159 2,139 0.07918 0.38266
160 2.139 0.07918 0.38266
161 2.12] 0.07914 0.38263
162 2.104 0.07910 0.38261
163 2.104 6.07910 0.36261
164 2.104 0.07910 038261
165 2.104 0.07910 0.38261
166 2.104 0.07910 0.38261
167 2.104 0.07910 0.38261
168 2.104 0.07910 0-38261
169 2.104 0.07910 0.38261
170 2.104 0.07910 0.38261
171 1.432 0.07765 0.38163
172 1.432 0.07765 0.38163
173 1.432 0.07765 0.38163
172 1,432 0.07765 0.38163
175 1.432 0.07765 0.38163
176 1.414 0.07704 0.3812]
177 1.397 0.07758 0.38158
178 1.397 0.07758 0.38158
179 1.397 0.07758 0.38158
180 1.397 0.07758 0.38158
181 1.078 0.0769] 0.38112
182 1.078 0.0769] 0.38112
183 1.078 0.0769] 0.38112
184 1.078 0.07691 0.38112
185 1.078 0.07691 0-38109
186 1.061 0.07688 0.38109
187 1.043 0.07684 0.38107
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TABLE VII. - Continued

T/C XI h/hsLam h/hsTurb
No.

188 1.C43 0.07684 0.38107
189 1.043 0.07684 0.38107
190 0.725 0.07620 0.38062
191 0.725 0.07620 0.38062
192 0.725 . 0.07620 0.38062
193 0.725 0.07620 0.38062
194 0.725 0.0762G 0.38062
195 0.707 0.07617 0.38059
196 0.707 0.07617 0.38059
197 0.689 - 0.07613 0.38059
198 0.689 0.07613 0.38059
199 0.689 0.07613 0.33059
200 0.548 0.07585 0.38037
201 0.548 0.07585 0.33037
202 0.548 - 0.07585 0.38037
203 0.548 . 0.07585 G.36037
204 0.548 0.07585 0.38037
205 0.548 0.07582 .3&037
206 0.530 0.07582 0.38034
207 0.513 0.07579 0.33032
208 0.513 0.07579 0.38032
209 0.513 0.07579 0.38032
210 0.513 0.07579 0.38032
211 0.371 0.07551 0.38012
212 0.371 0.07551 0.38012
213 0.371 . 0.07551 0.38012
214 0.371 0.07551 0.38012
215 0.371 0.07551 0.38012
21¢ 0.354 0.07548 0.38009
217 0.336 0.07544 0.38007
218 0.336 0.07544 0.38007
219 0.336 0.07544 0.38007
220 0.336 0.07544 0.38007
221 0.195 0.07518 0.37987
222 0.195 0.07518 0.37987
223 0.195 0.07518 0.37987
224 0.195 0.07518 0.37987
225 0.195 0.07518 0.37987
226 0.1777 0.07514 0.37985
227 +0.159 0.07511 0.37982
228 +0.159 0.07511 0.37982
229 +0.159 0.07511 0.37982
230 +0.159 0.07511 0.37982
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T/C
No.

231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273

PO WPEROIOINDWPAO

.156
.159
.159
.159
.159
.336
.336
.336
.336
.336
.354
.371
371
.371
371
.043
.043
.043
.043
.043
.061
.078
.078
.078
.078
.768
.785
.493
.200

.346
.639
.225
.518
811
.364
.657
.243
.536
.828
.346
.639
.225

TABLE VII. - Continued

h/hs

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

Lam

.07511
.07511
.07511
.07511
.07511
.C7419
.07419
.07419
.07419
.07419
.07416
.07413
.07413
.07413
.07413
.0729¢6
.07296
.07296
.07296
.07296
.07294
.07291
.07291
.07291
.07291
.07179
.07177
.07071
.06975
.06846
.09007
.08805
.08421
.08241
.08072
.09014
.08805
.08425
.08246
.08076
.09009
.08805
.08421
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n/hs

OO0 OO0OOOCOOOODODOOOOOOCOOOOOOOO0O COOODOOCOOCOOOOOOOOO0O

.37982
. 37982
.37982
.37982
.37982
.37914
.37914
.37914
.37914
.37914
L3791
. 37509
.37909
.37909
.37909
.37817
. 37817
.37817
.37817
.37817
.37815
.37815
.37815
.37815
.37815
.37721
.37718
. 37626
.37535
.37403
. 38918
. 38804
. 38581
.38472
. 38365
.38921
. 38807
. 38584
. 38475
. 38368
.38918
. 38804
. 38581

Turb



TABLE VII. - Continued

&éc XI h/hSLam h/hsTurb
274 3.518 0.08242 0.38472
275 +2.811 0.08072 0.38365
276 -1.078 0.07291 0.37813
277 -1.414 0.07236 0.37768
278 -1.591 0.07207 0.37744
279 -1.768 0.07179 0.37721
280 -2.121 0.07126 0.37674
281 +1.043 0.07684 0.38107
282 0.707 0.07617 0.38059
283 0.53 - 0.07582 0.38034
284 0.354 1 0.07548 0.38009
285 0.000 0.074810 0.37960
286 1.945 0.07875 0.38237
287 1.768 0.07836 0.38230
288 1.591 0.07799 0.38186
289 1.414 0.07704 0.38121
290 1.061 0.07688 0.38109
291 ‘ 4,596 0.08518 0.38780
292 4,243 0.08425 0.38584
293 3.889 0.08335 0.38529
294 3.536 0.08246 0.38475
295 +2.828 0.08076 0.38368
296 -2.475 0.07074 0.37628
297 -2.298 0.07100 0.37651
298 -3.005 .0.07001 0.37560
299 -3.712 0.06910 0.37471
300 -4.419 0.068287 0.37384
301 -0.354 0.07416 0.37911
302 - ~1.061 0.07294 0.37815
303 -1.768 0.072%4 0.37721
3C4 +0.707 0.07617 0.38059
305 +0.000 0.074810 0.37960
306 -2.828 0.07025 0.37583
307 -3.005 0.07001 0.37560
308 -3.182 0.06977 0.37538
309 -3.359 0.06954 0.37515
310 -3.536 0.06932 0.37493
3N -3.889 0.06889 0.37449
312 -4.066 0.06868 0.37427
313 -4.243 0.06848 0.37406
314 -4.419 0.06829 0.37384
315 -4.596 0.06809 0.37363
316 -3.695 0.06912 0.37473
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TABLE VII. - Concluded

gé? XI h/hsLam h/hSTur‘b
317 3.695 0.06912 0.37473
318 3.695 0.06912 0.37473
319 3.695 0.06912 0.37473
320 3.695 0.06912 0.37473
321 -3.712 0.06910 0.37471
322 -3.730 0.06908 0.37469
323 -3.730 0.06908 0.37469
324 -3.730 0.06908 0.37469
325 -3.730 0.06908 0.37469
326 -3.730 0.06908 0.37469
327 -3.730 0.06908 0.37469
328 -3.730 0.06908 0.37469
329 -3.730 C.G6908 0.37469
330 -3.730 0.06908 0.37469
331 +0.707 0.07617 0.38059
332 +0.177 0.07514 0.37985
333 +0.000 0.07451 0.37960
334 -0.018 0.07478 0.37958
335 -0.018 0.07478 0.37958
336 -0.018 0.07478 0.37958
337 -0.018 0.07478 0.37958
338 -0.018 0.07478 0.37958
339 -0.018 0.07478 0.37958
340 -0.018 0.07478 0.37958
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TABLE VIII. - ADJUSTMENT FACTORS FOR TURBULENT REFERENCE DATA

Run No. Adjustment Run No. Adjustment
Factors Factor
1(control) 1.0 33 1.040
2 1.016 34 1.050
5 0.980 47 1.050
5} 1.030 49 1.050
7 1.040 50 1.040
8 1.040 51 1.040
9 1.044 52 1.000
10 1.030 53 1.030
11 1.040 54 1.040
12 1.038 56 1.040
13 1.040 57 1.040
14 1.033 58 1.040
15 1.033 59 1.040
16 1.022 60 1.050
17 1.035 61 1.050
18 1.045 62 1.050
19 .1.043 : 63 1.060
20 1.037 64 1.030
21 1.040 65 1.030
22 1.030
23 1.000
24 1.010
25 1.020
26 1.040
27 1.040
28 1.060
29 1.050
30 1.030
31 1.040
32 1.050
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Freestream
velocity, .
¢=0°_

SURFACE T/C'S

Freestream
velocitys
¢ = 45°

SECTION 1
(SEE FIG. 2a)

T/C'S ON WALLS —— g

., T/c's oN
WALLS

SECTION 3
(SEE FIG. 2b)

X7 % Yy COORDINATE SYSTZM
DEFINED FOR CCNFIGURATICN
SHOWN IN FIZ. la, ,#ITH GAP

AT 0.050"

Xy = Yy = O = GAP ¢ INTERSECTION

f. Turntable Reference System

Figure 1. - Concluded.
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